Received for publication December 22, 1954 The vitamin requirements of staphylococci have been studied by numerous investigators with considerable diversity of results. Much of this confusion undoubtedly results from the failure of most such studies to consider the physiological characteristics of the organisms investigated.
The classical investigations of Knight (1937) showed that strains of Staphylococcus aureus required thiamin and nicotinic acid for growth in a synthetic medium containing 14 amino acids, glucose, and salts. Koser et al. (1938) obtained similar results with a white strain of Staphylococcus. Pyridoxine in the presence of both nicotinic acid and thiamin was reported by Vilter and Spies (1940) to stimulate the growth and acid production of several strains of Staphylococcus albus. Porter and Pelezar (1941) reported on two strains of S. aureus that required biotin. Sevag and Green (1944) noted that two strains of S. aureus required pantothenic acid in the absence of tryptophan. Moller et al. (1949a,b) reported a requirement for folic acid, pantothenic acid, and riboflavin by a number of strains of S. aureus. However, a careful physiological study of 3 such cultures obtained from Moller (Gretler and Evans, 1951) demonstrated that these were actually enterococci rather than staphylococci. The possibility of confusing enterococci and coagulase positive staphylococci when catalase activity is not determined has been reemphasized by Evans, Buettner, and Niven (1950 shown that the coagulase positive strains represent a homogeneous, readily identifiable species; whereas the coagulase negative strains are extremely heterogeneous Shaw, Stitt, and Cowan, 1951) . A preliminary study (Evans, 1948) indicated that all 18 coagulase positive staphylococci studied required only thiamin and nicotinic acid and that a requirement for biotin was limited to, and characteristic of, the coagulase negative strains studied. Six coagulase negative strains of 66 tested required pantothenic acid, and two of those strains also required pyridoxine. The present work was directed toward extending this study with particular emphasis on the biotin requirement.
MATERIALS AND METHODS
Cultures. The 136 cultures, including 90 coagulase positive and 46 coagulase negative strains, employed in this study were isolated largely from foods suspected of having caused food poisoning or from apparently wholesome foods. A few strains were originally isolated from clinical sources. Some strains were freshly isolated while others were stock cultures that had been maintained in various laboratories for as long as 20 years. A study of the physiological characteristics of the majority of these same cultures was reported by .
Methods. The cultures were maintained in trypticase soy broth (BBL) supplemented with 0.1 per cent sodium citrate and 0.02 per cent cystine. All cultures were transferred daily for at least 3 days in this medium before being used as inocula. Inoculation of the test media was usually made directly from a 24 hour culture in the trypticase soy broth using a straight wire needle. In the experiments employing biotin derivatives the inoculum was prepared by washing the cells from a 24 hour culture, diluting 1:100 in sterile distilled water, and adding one drop of this suspension per tube of test medium. The basal medium employed is listed in table 1. The biotin requirement was determined in the presence of thiamin and nicotinic acid and also in the presence of 6 vitamins using the media described in table 2. This screening procedure also indicated strains that might require or be stimulated by riboflavin, pyridoxine, pantothenic acid, or folic acid. These media were made up, the pH adjusted to 6.8-7.0, tubed in 10 ml amounts in acid-cleaned pyrex test tubes (18.0 mm O.D.) with aluminum caps, and sterilized at 15 pounds pressure for 15 minutes. The tubes were inoculated with a straight needle, incubated at 30 C, and optical density determined at 24 hour intervals at 660 m, with a Coleman spectrophotometer, Model 11. If the optical density of a tube was 0.10 or above, a second transfer was made into another tube of the same medium.
The effect of several possible biotin antagonists or substitutes was also studied with a number of representative cultures. These included avidin, oleic acid, tween 80 (polyoxyethylene sorbitan monooleate), homobiotin, desthiobiotin, and biocytin. It was anticipated that one or more of these substances might be useful in devising a selective medium for the coagulase positive staphylococci.
RESULTS AND DISCUSSION
Vitamin requirements. The results of the preliminary screening tests indicated that 86 of the 90 coagulase positive strains grew well in all 4 media, indicating that no vitamins other than thiamin and nicotinic acid were required in this basal medium. Biotin appeared to increase the growth rate of many of these organisms and occasionally caused an increase in the total quantity of growth, but these differences were usually small and were difficult to reproduce. Data obtained on 10 representative cultures are given in table 3.
Four of the coagulase positive strains, including strain 170 (table 3), gave growth in media A and B superior to that in media C and D. It was found by adding the other vitamins individually to medium D that pantothenic acid markedly stimulated the growth of these 4 strains.
Of the 46 coagulase negative strains studied, 38 attained little or no growth in the absence of biotin. The remaining 8 strains (such as strains H1OB and H15A, table 3) achieved 50-60 per cent of maximum growth in the absence of biotin. Twelve strains failed to grow in medium C (see strains 4 and H15A, table 3). All 12 of these were found to have an absolute requirement for pantothenic acid, and 2 strains also required pyridoxine.
Avidin effect. Landy et al. (1942) and Smith and Douglas (1950) have reported that avidin in raw egg white inhibited biotin-requiring bacteria but did not inhibit biotin-independent strains. In the present study raw egg white diluted tenfold was sterilized by passage through a Seitz filter and used as the source of avidin. A fresh solution was prepared and sterilized for each experiment. Broquist and Snell (1953) . The increase in 87 growth response when the quantity of egg white 113 is increased above the critical level is believed to be due to the presence of "biotin-replacing" subrs of incu-stances such as oleate in the egg white that are not bound by avidin (Broquist and Snell, 1953) . This explanation is supported by one experiment l 210 (co-in which the addition of 2 per cent egg white to om reach-a biotin-free basal medium supported approxect of raw imately half-maximum growth of strain H17C. biotin-reOleic acid and tween 80. It has been shown by upon the a number of workers (e.g., Williams et al., 1947;  As shown Kitay and Snell, 1950) In the present study it was found that either oleate or tween 80 would replace biotin for strain H17C and did not affect the growth of strain 210. Tween 80 also replaced biotin for 16 of 17 other coagulase negative strains studied (table 5) .
Desthiobiotin. This chemical derivative of biotin has been variously reported as replacing biotin for some microorganisms and having antibiotin properties for others (Stokes and Gunness, 1945; Rubin et al., 1945) .
As shown in table 5, desthiobiotin replaced biotin for 17 of the 18 coagulase negative staphylococci tested, using medium B as the basal medium. For one culture, S-19, desthiobiotin appeared to have weak antibiotin activity. However, as little as 2 mpg of biotin per 10 ml completely reversed the growth inhibition of 200 ug of desthiobiotin.
Quantitative studies with 2 strains indicated that 0.1 m,tg of desthiobiotin per 10 ml was required for half-maximum growth in contrast to 0.04 mpg of biotin to give the same results. These quantitative estimations were conducted under aerobic conditions (10 ml of medium in 125 ml Erlenmeyer flasks) since quantitative growth response was difficult to achieve in test tubes with many of the coagulase negative strains.
It also appeared from these studies that strains H10A and H1OB gave growth in the presence of desthiobiotin, homobiotin, or biocytin superior to that in the presence of 2 m,ug of biotin. A further investigation of the quantitative requirements of strain H1OA indicated that this culture required approximately 10 m,pg of biotin per 10 ml for half-maximum growth. Other strains tested required only 0.03 to 0.05 m,ug of biotin for half-maximum growth. This organism also exhibited correspondingly high requirements for desthiobiotin, homobiotin, or biocytin in a biotinfree medium.
Homobiotin. This homolog of biotin has also been shown to replace biotin for some microorganisms and to have antibiotin activity for others (Goldberg et al., 1947; Belcher and Lichstein, 1949) .
Seventeen of the 18 coagulase negative staphphylococci studied were able to utilize homobiotin as a source of biotin. One strain, S-36, was inhibited by 200 ,ug of homobiotin per 10 ml of medium, and this inhibition was not reversed by 2 m,ug of biotin. Other levels of biotin were not tested with this organism. It is interesting that strain S-36 was also the culture in which tween 80 did not replace biotin.
Approximately 0.3-1.0 ,ug of homobiotin per 10 ml of medium were required for half-maximum growth of 7 strains. This is approximately 104 times the quantity of biotin required and might indicate that a small amount of biotin contamination was responsible for such a growth response. Strain H1OA required 10-30 ,ug of homobiotin for half-maximum growth.
Biocytin. This substance, epsilon-N-biotinyl-Llysine (Peck et al., 1952) , has been shown to serve as a biotin source for a number of different microorganisms (Wright et al., 1950 Avidin, in the form of 0.3 per cent raw egg white, sharply inhibited growth of a coagulae negative strain in the presence of 10 m,ug of biotin per 10 ml. Increasing the quantity of egg white in increments up to 5 per cent gradually reversed the inhibition. Similar results were obtained in the presence of 2 m,g of biotin, but in the presence of 20 m,ug of biotin no inhibitory effect of raw egg white could be demonstrated.
Biocytin replaced biotin on an equimolar basis for all 18 coagulase negative strains tested.
Tween 80 replaced biotin for 16 of 17 coagulase negative strains studied. High levels of desthiobiotin or homobiotin were also able to replace biotin for 16 of 17 coagulase negative strains. One coagulase negative strain required approximately 100 times as much biotin for growth as that required by other strains. This strain had a correspondingly high requirement for biocytin, homobiotin, or desthiobiotin.
